Abstract: Aim -This study was designed to analyze the citations of medical education to measure primarily the research trend of Problem-based learning in medical education and to compare them in the fields of dentistry with medicine, nursing and pharmacology. Material and Methods -This study was a descriptive study using scientometrics and systematic review of citations. Electronic data bases Web of Science and PubMed were searched during the 2003-2013 for related article were extracted and critically appraised based on the level of education visualize the application of Problem-based learning in dentistry and pharmacology, nursing and medicine. We analyzed data using SPSS 18. A p-value less than 0.05 were considered significant. Results -Dentistry 64(8%) was ranked three followed by nursing. The dentistry was ranked in the third on sharing articles of implementing Problem based Learning in education. The year 2007 was the apex of dentistry's scientific productions on Problem based learning. Among the countries, the USA was identified leading country .All of the four fields of pharmacology, medicine, nursing, dentistry Problem based learning was the most applied in lesson than other levels of education. A statistically significantly association was found between Impact Factor and the number of citations in published articles (p<0.001, rs=0.43) and geographic dispersion (according to continental distribution) and PBL applications field (P<0.001). Conclusion -These findings indicate gap Problem-based learning in the fields of medical sciences and future studies need to establish differences other fields and suggest appropriate solutions to resolve the dispute.
Introduction
Problem-based learning (PBL) is an effective student centered approach for learning [1] . PBL in medical programs is usually implemented, although it may extend to later years. Literatures were reviewed to demonstrate the methods of effective encourages and self-directed learning, critical thinking, team working, understanding rather than memorization, successfully [2] . Barrows identify the more important learning objectives as: structuring knowledge for using in clinical contexts, more student challenge, activation of prior knowledge, discovery learning, and learning in a meaningful context. PBL involves students with clinical matters and integrates the basic sciences with clinical sciences. Students learn the lessons as real context which is effective in memorization and persistence by PBL [3] [4] . Therefore, dentistry could be an appropriate host in practical fields for implementation of PBL. Based on Schmidt's idea, applying PBL in dentistry is important and has declared that it helps to structural learning and the understanding of complex matters. Data processing helps to expand students' information by questions, answers and hypothesis criticism in the peer groups of discussion [5] . In dentistry education, a scientometric study could be effective, qualitatively and quantitatively, in order to determination the field educational and scientific productions, identification dentistry educational patterns based on PBL, and the world contribution in scientific productions, as well as clearing the weak and strength points of scientific productions.
A review on the related literatures show that various studies have been done on effect of PBL in other health domains such as medicine and pharmacology, for instance Satyanarayana [6] examined India contribution in biomedical researches (3605 papers in 1990 and 3241 papers in 1994) as indexed in three databases, including Index Medicus, Excerpt Medical and Tropical Disease Bulletin. Dandona et al. [7] conducted a study on the health research output. They concluded that both the magnitude and distribution of research output were not commensurate with the disease profile and burden. Also, Gupta has investigated on India scientific contribution in world during 1999-2004 in Medicine and has categorized them from the viewpoint of diseases and body organs. This investigation showed that the India rank was the twelfth among world scientific productions about medicine. More India's scientific contributions in Medicine associated with the Cancer and Cardiovascular diseases and were introduced as highly cited articles according to the citation of 100 articles [8] . Kaue studied India's programs in pharmacology, toxicology and pharmaceutics from 1998 to 2007, based on several parameters, including the country annual average growth rate, sharing and ranking of global publication, and international collaboration [3] .
Rotgans et al. studied the scientometric indicators of abstracts of 60 journals with the background of Medical Education between 1988 to 2010. They gathered the high cited articles, and authors and most highly cited ones and 3 during 22 years [9] . But no citation was found in literatures. So, the impacts of PBL were not been measured on the citations of dentistry education. The aim of this study was to review the gap of research scientometrics and citation analysis using PBL in dentistry and medical education.
The main objective of this study is to investigate the scientific productions of PBL in 4 fields of dentistry, pharmacology, medicine, and nursing around the world. It will identify most highly cited / core journals, most highly cited articles and authors in each fields, it also will find out to what extent the PBL approach was implemented in three levels of education including: curriculum development, course and or lesson of education.
Material and Methods
This study was a descriptive study using citation analysis methods.
The ethical review committee of Tabriz University of Medical Sciences (Tabriz, Iran) approved the design of present study. Finally, references were surveyed for accessibility to other related studies. Ethical aspects were considered all of stages.
Search strategy

Evaluation and selection of studies
In the second step, all collected studies were separately reviewed by two authors to evaluate article quality; and irrelevant and duplicated studies were excluded with appraisals' agreement. Then we asked an independent author to survey the papers in question. Finally, Kappa Agreement Rate was higher than 85% as inclusion criteria to the next stage. 
Inclusion and exclusion criteria
In the third step, irrelevant studies, without location, systematic articles, cohort articles, clinical trial articles Kappa Agreement Rate less than 85%, duplication articles and letters were considered as exclusion criteria. Also, the related articles obtained manually from references of review articles were added to the set.
Data extraction and statistical analysis
Each author independently extracted data on the checklist such as the rate of published articles, highly cited / core journals, most highly cited articles and authors in four fields and levels of education (curriculum, course and lesson plan). Descriptive statistics such as mean, standard division, range, frequency, percentage, and ratio; and one way ANOVA were performed using SPSS. 18. A p-value less than 0.05 was considered significant.
Results
From two databases (Pub Med and ISI) 741 articles were found eligible to study that are shown in Figure 1 .
Of 741 articles, the biggest portion of articles on PBL in medical education 533 (71%) articles were published in medicine field, 54 (7%) in pharmacology field, 64 (8%) in dentistry field and 106 (14.3%) in nursing field.
The comparison of trend of scientific productions in 4 fields, shows medicine and dentistry field, In addition to, all the scientific productions (741 articles) were divided to according to continents, including Asia, Africa, America, Europe, Australia and Oceania (Table 1 ). There was a statistically significant relationship between geographic dispersion (according to continental distribution) and PBL applications in special thematic field (P<0.001).
Table1. Distribution of PBL articles in the different continents in the world
The core journal for PBL in the fields of dentistry, nursing, pharmacology and medicine are shown ( Table 2 ).
The core journals for PBL in the field of medicine were Medical Education and Medical Teacher that each journal was published about (15%). The field of pharmacology only 4 journals have produced more than 3 articles in the field, among them journal of Am J Pharm Educe was identified prolific by publishing 18 (33.3%) out of 54 articles related to PBL in pharmacology. In the field of nursing, Nursing Educ Today, Nursing Educ Pract and J Nurse Educ are the prolific journals of Nursing on problem-based learning that have published 57% of 106 articles of PBL in nursing during last decade. In the field of dentistry, Journal of J Dent Educ was known as prolific journal by publishing most articles of PBL in dentistry education, i.e. 32 (50%) articles. After that, journal of Eurj Dent Educ was ranked second with 14 (29.2%) articles.
Top highly cited authors in each fields of dentistry, nursing, pharmacology and medicine in PBL are shown (Table 3 ).
In the medicine filed, D. The most highly cited article from among 106 articles on PBL in field nursing was related to the article entitled "A comparison of the effects of problem-based learning and lecturing on the development of students" critical thinking by A. Tiwari, which was published in Med Educ, one of the core journals of medical education in 2006. E.A. Farmer from Australia with his article entitled "Faculty development for problem-based learning", was the most highly cited person with 147 citations on PBL in field dentistry, which was published in Eur J Dent Educ in 2004. S.A. Azer was the second person after Farmer with 60 citations and almost 88% interval.
Collaborative coefficient among authors in 4 fields was calculated by collaborative coefficient (CC) formula and the results showed that pharmacology field had most team collaboration in articles. Dentistry and medicine fields were the second and third ranking, respectively. 
Secondary outcomes
Which the levels of education utilize the PBL comparing to others in 4 fields of Dentistry, Pharmacology, Medicine, and Nursing?
Analysis based on the levels of education showed that, every 4 fields mostly applied PBL in educational lesson. Most articles in each 3 educational levels (lesson, course, and curriculum) were related to Medicine. Dentistry has worked on curriculum more than Pharmacology and Nursing and ranked the second after Medicine in sharing scientific productions. Statistically significant relation was found between fields of education and the educational levels (P<0.001) ( Table 4) .
Discussion
The aim of this study was to investigate scientometric study of the PBL method in related scientific articles using two databases of Medline and Web of Science in the fields of medicine, dentistry, pharmacology and nursing during 10 years (2003-2013) . It was aimed to visualize the research articles related to problem based learning approach focusing specifically on the recognition of highly cited journals, articles and authors in each field and the rate of applying PBL in different educational levels including curriculum development, course and lesson plan in the articles. This investigation showed that from 741 articles included in the study, medicine's contribution on PBL scientific production was more than others, and followed by nursing, dentistry had been was in third rank before pharmacology. The rising trend of PBL publications in four fields showed that medicine had rising trend up to 2007; and a sharp rise in the recent years 2012-2013. It is probably that this rising trend was as a representative of internalizing PBL's effect in Medical Education.
Scientific productions in pharmacology are less than other three fields. It may be, because of its educational curriculum that is more Lecture-Base rather than Practice-Base. As R. Kaure et all. called it as an inherent problem of medical education around the world in 2014, because of being taught in a fixed time, teaching with traditional methods of didactic lectures to spread knowledge to a large group in short time which does not provide adequate prospect learn the subjects in contextual manner [10] . While, evidence shows merging lesson of pharmacology in dentistry and medicine field students lesson plans using a problem/case based learning lead to better learning [10, 11] . So, it could be concluded that PBL will be more effective in case it is applied hybrid in lesson plans. As, G.C.H. Koh (2008) concluded a study about a systematic review that PBL had a positive effects on students' medical competencies; especially social and cognitive skills [12] . Also, PBL causes better fundamental knowledge and preparation for Board exams [13] . K. Thammasitboon et al. (2007) investigated the effect of change in subject-based educational curriculum to problembased curriculum by laboratory practical method on dentistry students and concluded that PBL has no effect on students' fundamental knowledge but there is a significant relationship between PBL and clinical/ practical skills and relationship with colleagues and patients (P<0.05) and is the cause of improving critical thinking and deep learning and self-assessment and also increase team work [14] .
Our study showed that all of the four fields (pharmacology, medicine, nursing, and dentistry) applied PBL more in lesson. It also showed that if the medical field, which has the widest field of health considering input and output, is put aside, dentistry has more contribution in scientific productions related to PBL in the level of curriculum development in comparison with pharmacology and nursing and would be the first rank of applying PBL in its educational curriculum after medicine (Table 4) .
Other section of this study was related to measuring scientometrics such as the number of citations to published PBL articles during 2003-2013, and determining highly cited journals and authors. The results of this study showed that in dentistry, two journals of J Dent Educ and Eur J Dent Educ are the most highly cited journals related to PBL in Dentistry Education regarding both contribution in scientific productions and number of citations which is called core journal for PBL in dental education, also both of them are indexed in the both databases of Medline and ISI (Table 2) .
In pharmacology, Am J Pharm Educ was the core journal in problem-based learning. In Nursing, three journals (J Nurse Educ, Nursing Educ Today, and Nursing Educ Pract) were the highly cited journals for PBL in nursing. Nursing Edu Today is an ISI and Medline indexed journal; and also is an open access journal. J Nurs Educ has been indexed in Medline and ISI and Nursing Educ Practis have been indexed in Medline. All three journals have been indexed in Medline the expetion of Nursing Educ Prac, have just been indexed in Medline and the 2 others, apart from Medline, and are indexed in current content that is one of the subdomains of ISI Tompson Ruters. So, maybe was a relationship between the number of citations and journals' indexing ( [9] .
The most highly cited articles of PBL in the field of Medicine were published in British Med J, which its main scope is not the medical education but it was considered in the list of medical journals with general scope. It has been ranked in the fourth among the top ten journals with high impact factor in Thompson Reuters Journal Citation Report (Appendix 1). It could be interfered that importance of scope and theme of the journal have not been respected by the authors in the medical science. Therefore, they publish their educational articles in general journals rather than specific journals. This issue is important from the scientific perspective due to the effect of citation count of a single paper in many of the citation indicators for formulation and calculation such as the IF of journal, H-index of author and index of institutes. Of course, it may be an author, because of a journal's popularity, prefers to cite to a paper in a special journal like BMJ not just for the content's novelty (Table 2) .
In pharmacology, just 33.3% out of 54 articles during 2003-2013 were published in pharmacology educational journals and the rest were published in other journals. This shows that there is not a direct relationship between journals' scope and articles about PBL, and the educational articles of Pharmacology are able to publish in the educational journals of pharmacology. It is necessary that more information was given about the scope and identification of journals; especially on the subject of pharmacological education because authors inform from the importance of their articles' publication in a journal with educational subject and its effect in readership and impact of the paper ( Table 2) .
The results of Spearman's correlation coefficient showed that there is a direct significant and statistical correlation between IF and number of citations in published articles of all fields of medicine, dentistry, pharmacology and nursing. Observation of data related to each field separately indicates that, there is relationship between IF and citation count in three fields of Medicine, Dentistry and Nursing, while this relationship was reverse in pharmacology field.
Conclusion
According to the findings of this study, and considering the relationship between publication year and the number of citations, it can be stressed that judgment about the validity and the effect of paper based on the longstanding scientometrics methods. Citation indicators is not reliable and needs a more critical thinking; especially in a newly published article with IF that depends on duration of two year waiting after publication.
Ultimately, lesson plan has been interested among the three levels of education, including curriculum development, course and lesson plane. That is implication to PBL based on by teachers' interest and experiences and not organized and designed by collage. Therefore, it is necessary that the curriculum was highlighted obtaining more scientific evidence on the influence of PBL in medical education, needs more scientific productions on level of development.
This study also suggests rigorous research studies on utilization of PBL in medical education in Iran to fill the evidence gap.
Limitations
Scientific production on medical education may be scattered in various international databases such as CINHAL, EMBASE, Psych info, Web of Science, and Medline/PubMed as well as national databases of every country and gray literatures. Also publication types may vary from an editorial, letter, book chapter, proceeding, to articles. We just selected PubMed and Web of Sciences due to limitation in access to other databases, and only articles published in journals indexed in the so called databases, this can be known as access or publication bias especially in systematic reviews and limitation for this study. Therefore more studies may be conducted to figure out the more visible depiction of scientific production in international databases.
